Background: In patients with soft tissue sarcoma of the wrist and hand, limb salvage operation is extremely challenging for surgeons in attempting a complete tumor resection with negative surgical margins. In this study, we report four patients with soft tissue sarcoma of the wrist and hand treated by limb salvage operation with intraoperative extracorporeal autogenous irradiated tendon grafts. Methods: The patients were all male, and the mean age at the time of surgery was 45 years. Histological diagnoses included clear cell sarcoma in two patients, synovial sarcoma in one, and angiosarcoma in one. All four patients had high grade tumors, wherein three had American Joint Committee on Cancer (AJCC) stage III disease and one with AJCC stage IV disease. The tumors were resected en bloc with involved tendons. The tendons were isolated from the resected tissues, irradiated ex vivo, and re-implanted into the host tendons. In one patient, the bone was resected additionally because of tumor invasion to the bone. Hand function was evaluated using Musculoskeletal Tumor Society (MSTS) rating system.
graft
Background
Soft tissue sarcomas are uncommon and account for less than 1% of all malignant tumors [1, 2] . They occur most commonly on the trunk and lower extremities and only 10% to 15% on the upper extremities [3] . Sarcomas of the forearm and hand account for less than 3% of upper limb tumors [4] ; therefore, they are very rare [5, 6] .
The highest priority in surgical management of all soft tissue sarcomas is to achieve complete excision with negative margins. However, in the wrist and hand, it is difficult to achieve wide surgical margins and to preserve function because of the complex anatomy and limited tissue volume [6, 7] .
Extracorporeal irradiation of tissue followed by reimplantation has been performed to replace bone and tendon defects following removal of tumors [8] [9] [10] . This technique enables biological reconstruction with a precise fit and helps to restore the function of joints [8] [9] [10] .
In four patients who had soft tissue sarcomas that involved the wrist and hand, extracorporeal autogenous irradiated tendon grafts were used in order to improve function following tumor excision. In this study, we report the results and advantages of this surgical management.
Methods
Between the years 1994 and 2009, we treated four patients with soft tissue sarcomas of the wrist and hand by limb salvage surgery with intraoperative extracorporeal autogenous irradiated tendon graft. All patients were male with a mean age of 45 years (range, 36 to 62 years). The mean follow-up period was 33 months (range, 25 to 47 months).
All patients were treated for their primary tumors at our institutions. Preoperative staging was conducted with the use of computed tomography (CT) scans of the chest and magnetic resonance imaging (MRI) of the wrist and hand in order to define the extent of the tumor and involvement of the bone, soft tissues, particularly the neurovascular bundle, and tendon. The American Joint Committee on Cancer (AJCC) staging system was used to stage the tumors [11] .
The treatment procedures were as follows (Figures 1 and 2): (1) en bloc resection of the tumor with involved tendons, (2) isolation of the tumor from the resected tendons, (3) extracorporeal irradiation with 50 Gy as a single bolus dose to the isolated tendons in a plastic container, and (4) re-implantation of the irradiated tendons. Tendons were sutured to the original corresponding structures. In one patient, the metacarpal and carpal bones were resected additionally because the tumor invaded the bone (Figure 1 ). The irradiated bones were also re-implanted into the host bones with fixation devices.
Hand function was assessed for all patients using the Musculoskeletal Tumor Society (MSTS) functional evaluation system [12] . The MSTS score is used to assess the outcomes after tumor resection and reconstruction. In the upper extremity, the factors were composed of pain, function, emotional acceptance, hand positioning, dexterity, and lifting ability. Each factor is assigned a value of 0 to 5 with the total score ranging from 0 to 30, wherein a higher score indicates better functional outcome.
Postoperative complications during follow-up were analyzed, and local recurrence and overall survival were also evaluated.
An informed consent was obtained from all the patients who were treated with this surgery. This treatment was conducted in accordance with the Helsinki Declaration. 
Results and discussion
Clinical characteristics of the patients are summarized in Table 1 . Three patients died because of complications related to pulmonary metastasis. One patient remains alive and disease-free. There were no tumor recurrences from the irradiated grafts, but recurrence occurred outside the irradiated graft at 20 months after surgery in one patient (Case 3). This local recurrence was resected, but the patient died of pulmonary metastasis at 16 months after local recurrence.
The tumors were located in the dorsal aspect of the hand (two patients), palm (one patient), and volar aspect of the wrist (one patient). All tumors were deep-seated with maximum gross dimension of at least 5 cm. The histological diagnoses were clear cell sarcomas (two patients), synovial sarcoma (one patient), and angiosarcoma (one patient). There were three patients with AJCC stage III disease and one with stage IV disease, who had multiple pulmonary metastases. All four patients received neoadjuvant chemotherapy. One patient underwent postoperative radiation therapy (Case 2). The surgical treatment and functional results are summarized in Table 2 . The surgical margin was considered to be wide in two patients and marginal in the other two. Skin flap was used for wound closure in two patients. Tumors located on the dorsal wrist (Case 1: Figure 1 and Case 2) were resected followed by reconstruction of extensor tendons. Although collapse of the carpal bones was noted after 20 months (Case 1: Figure 3A) , no serious complication occurred. In the two patients whose tumors were located on the palm and volar wrist (Case 3: Figure 4 and Case 4), flexor tendons were reconstructed. The mean MSTS score was 22 (range, 21 to 25). Lower scores were seen in patients with reconstruction of flexor tendons (mean MSTS, 19.5: Cases 3 and 4) than extensor tendons (mean MSTS, 24.5: Cases 1 and 2). Two patients with AJCC stage III disease developed distant metastases at mean follow-up of 13 months (Cases 1 and 4) . In Case 1, during resection of the axillary lymphadenopathy to determine possible metastasis at 19 months after surgery, we also performed biopsy of the irradiated extensor tendon to examine the histological features with patient's informed consent ( Figure 5B ). There was no remarkable adhesion around the irradiated tendon, and fibroblast-like cells were seen within the strands of collagen that appear to be viable on histology ( Figure 5C,D) . No local recurrence was detected in the irradiated tendon, but the patient died of pulmonary metastasis at 28 months after lymphadenectomy. The type of surgical management and status of surgical margin have significant impacts on local control of soft tissue sarcoma. In the wrist and hand, the tendons, nerves, and blood vessels are adjacent to each other. Due to a lack of anatomic compartmentalization and tendency of the tumor to spread rapidly, limb salvage operations have difficulty in obtaining negative surgical margins [6] . Hence, amputation is necessary to acquire a curative surgical margin [7] . However, the functional outcome tends to be poor [7, 13] . Additionally, double or single ray amputation has poorer esthetic outcomes than limb salvage operation. As a result, both the surgeon and patient are often faced with the dilemma of preserving limb function at the expense of negative surgical margins or of obtaining negative surgical margins by carrying out an amputation [6] .
For functional upper limb salvage, reconstruction of vital structures should be performed following tumor resection. Complex functions of the hand are directly affected by the sacrifice of important structures when the tumor is resected [4] . The primary reconstruction of soft tissues may account for good functional results [14] . Some patients with hand soft tissue sarcoma need reconstruction of their musculoskeletal structures after resection of these tissues to obtain better functional results.
Several surgical procedures have been reported for the reconstruction of tendon defects after tumor surgery [1, 4, 8, 9, 15] . Tendon reconstruction can be accomplished by using tendons harvested from free fasciocutaneous flaps, such as the radial forearm, lateral arm, long toe extensors, gracilis muscle, or latissimus dorsi muscle [1, 4] . A 36-year-old male patient with clear cell sarcoma of the palm. MRI showed a mass that spanned the palmar aspect of the hand with iso-intensity on T1-(A) and was highly inhomogeneous on T2-weighted images (B) and involved the volar compartment (deep, superficial digital flexor tendon, and median nerve). The flexor tendons were stripped from the resected tumor tissues (C). The irradiated flexor digitorum profundus muscle was sutured to the opponens pollicis muscle, and skin flap was used for wound closure (D). Figure 5 Postoperative hand function. The patient could spread out the palm (A) but had limited flexion range due to adhesion of the grafted lesion (B).The patient could write with a pen using the thumb's opposition due to the irradiated fourth FDS tendon reconstruction (C). The overall functional rating was 21 according to MSTS rating system. The patient developed local recurrence on the surgical margin at 20 months after surgery (D).
We have applied reconstruction of musculoskeletal defects with intraoperative extracorporeal autogenous irradiated bone and tendon grafts for bony and tendon defects after resection of malignant tumors [8, 9] . The advantage of this method is the potential to achieve a good hand function. The patients' own ligaments can be restored to the original shape, size, and site. Hughes TMD et al. [16] reported two soft tissue sarcoma patients with metastases due to iatrogenic implantation within the donor site of the graft. Implantation of the tumor cells at the time of surgery is thought to be one of the causes of local recurrence [16] . Our method does not require additional dissection for tendon harvest; hence, contamination of the tumor cells can be avoided.
In the previous studies, no local recurrences from the irradiated grafts were reported [8, 10] . Tumor sterilization was achieved clinically with a bolus of 50 Gy radiation, which is equivalent to the effect of approximately 100 Gy in partition [17] . One of four patients developed local recurrence outside the irradiated graft because the intended marginal margin to preserve the function was insufficient considering the concurrent pulmonary metastasis.
We reconstructed the extensor tendons in two of four patients and the flexor tendons in the remaining two patients after tumor resection. The MSTS scores were lower in patients with reconstruction of the flexor tendons than those with extensor tendon reconstruction. Adhesion formation of the grafted flexor tendon was one of the main reasons for insufficient recovery of hand function.
We performed histological examination to determine viability of the irradiated tendon by the use of biopsy sample. While the mechanical strength of this tendon was unknown, the histological appearance was indicative of regeneration and revascularization of the irradiated tendon.
Limb salvage operation using the irradiated tendons has better esthetic outcomes than amputation, can provide an effective alternative to amputation, and can lead to acceptable outcome for selected patients with wrist and hand soft tissue sarcoma.
Conclusions
In this report, we successfully performed limb salvage operation for soft tissue sarcoma located on the wrist and hand using the irradiated tendons and bones. This method may be a better procedure for limb salvage operation of sarcomas on the wrist and hand than amputation.
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